
Summary. A recent bioinformatics analysis identified
long non‐coding RNA antisense 1 ADAMTS9-AS1 as an
independent prognostic marker in several tumors,
including prostate cancer and bladder cancer.
Nevertheless, the prognostic value and functional role of
ADAMTS9-AS1 in non-small cell lung cancer (NSCLC)
remain elusive. Here, we first found that the expression
of ADAMTS9-AS1 was significantly upregulated in
NSCLC tissues compared with adjacent normal tissues
using quantitative real time PCR analysis. Clinically, we
observed that ADAMTS9-AS1 expression was
associated with TNM stage, lymph node metastasis and
poor prognosis in NSCLC patients. By performing loss-
of-function assay in A549 and 95D cells, our in vitro
experiments further showed that knockdown of
ADAMTS9-AS1 remarkedly suppressed cell
proliferation, caused cell cycle G0/G1 arrest and
apoptosis, and inhibited cell migration and invasion in
NSCLC cells using CCK-8, colony formation, flow
cytometry and transwell assays. Moreover, we found that
ADAMTS9-AS1 knockdown downregulated the
expression of CDK4, N-cadherin, Vimentin, but
upregulated the expression of Bad and E-cadherin. In
summary, our results revealed that ADAMTS9-AS1 may
serve as a potential therapeutic target for the treatment of
patients with NSCLC.
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Introduction

Lung cancer is one of the frequent malignancies with
nearly 2.1 million new cases and 1.8 deaths in 2018
alone over all the world (Cai and Liu, 2019), of which
non-small cell lung cancer (NSCLC) is identified as the
major subtype, accounting for approximately 85% of

lung cancer cases (Pao and Chmielecki, 2010). Although
considerable progress has been made in treatment
methods, including surgical resection, chemotherapy or
radiotherapy, the five-year survival rate still remains
lower than 20% with a high rate of local recurrence and
metastasis (Crino et al., 2010; Didkowska et al., 2016;
Hirsch et al., 2017). Therefore, it is urgently required to
investigate the underlying mechanisms of the occurrence
and development of NSCLC to develop therapeutic
strategies against this disease.

Long non-coding RNAs (lncRNAs) with a length of
more than 200 nucleotides have gradually become
important regulators of the development of cancer
progression by modulating various biological activities
such as cell growth, proliferation, apoptosis and
metastasis (Hui et al., 2019; Xu et al., 2019a,b; Yang et
al., 2019). There are increasing studies that have shown
that lncRNAs are aberrantly expressed in NSCLC by
serving as oncogenes or tumor suppressors. For instance,
lncRNA CASC19 was upregulated in NSCLC and
accelerates the progression of NSCLC by regulating the
proliferation, migration and invasion of tumor cells (Qu
et al., 2019). Similarly, Chen and Wang (2019) reported
that lncRNA ZEB2-AS1 significantly elevated the
viability and malignant degree of NSCLC cells, thus
aggravating the development of NSCLC. Conversely,
lncRNA BX357664 was lowly-expressed in NSCLC
tissues, which not only predicted worse prognosis, but
also exerted tumor suppressive effects on the
proliferation, migration and invasion of NSCLC cells
(Yang et al., 2019). Except for these studied lncRNAs,
more lncRNAs still need to be explored in the
pathogenesis of NSCLC.

Over the past decade, the development of
bioinformatics analysis has provided the possibility of
identifying more lncRNAs associated with tumor
progression. Among these data, a novel antisense
lncRNA ATAMTS9-AS1 was initially identified by
Wang et al. (2016) who performed lncRNA microarray
profiling to find it was involved in malignant epithelial
ovarian cancer. Then, Li et al. (2017) found that
ADAMTS9-AS1 could significantly stratify esophageal
squamous cell carcinoma (ESCC) patients into high-risk
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and low-risk groups, which was much better than
traditional clinical tumor markers. Subsequently,
ADAMTS9-AS1 has been shown to independently
predict overall survival of breast cancer patients by the
RNA sequencing data obtained from the Cancer Genome
Atlas database (Fan et al., 2018). More recently,
bioinformatics analysis further confirmed that
ADAMTS9-AS1 was the most remarkable prognostic
value and correlated with overall survival in several
tumors, including papillary renal cell carcinoma (Liu et
al., 2020), bladder cancer (Lin et al., 2020), colon
adenocarcinoma (Xing et al., 2018) and prostate cancer
(Wan et al., 2019). However, the prognostic value and
functional role of ADAMTS9-AS1 in NSCLC still
remain elusive.

In the present study, we analyzed the expression
level of ADAMTS9-AS1 and its clinical significance in
NSCLC patients. After constructing ADAMTS9-AS1
silence-NSCLC cell lines, we performed CCK-8 assay,
colony formation, flow cytometry and transwell assay to
further explore the functional role of ADAMTS9-AS1
knockdown on NSCLC cell functions. Moreover, we
investigated the molecular mechanisms underlying
ADAMTS9-AS1 regulating these cellular functions.
Materials and methods

Tissue collection and ethics statement

Human tumor and matched adjacent tissues (at least
5 cm away from the tumor site) were collected from 82
patients diagnosed with NSCLC at the Second Affiliated
Hospital of Zunyi Medical University (Guizhou, China)
between January 2015 and December 2018. Before
surgical resection, no patients received any local or
systemic treatment and all signed the informed consent
form. The clinicopathologic characteristics of the
patients with NSCLC are summarized in Table 1. The
follow-up was performed through telephone survey since
all patients received surgical resection. All obtained
tissue samples were immediately frozen in liquid
nitrogen and kept at - 80°C until further analysis. The
study protocol was in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of the
Second Affiliated Hospital of Zunyi Medical University.
Cell culture and transfection

Two human NSCLC cell lines (A549 and 95D) were
provided by American Type Culture Collection (ATCC,
Manassas, VA, USA). A549 cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (Gibco,
Grand Island, NY, USA). 95D cells were cultured in
RIMI-1640 medium with 10% FBS (Gibco). Both of
these cell lines were maintained in a humidified
atmosphere of 5% CO2 at 37°C. For cell transfection,
A549 or 95D cells were seeded in six-well plates at a
density of 3.0×106 cells per well and cultured to 70-80%

confluence. Transfection with 100 nM small interfering
RNAs targeting ADAMTS9-AS1 (si-ADAMTS9-
AS1#1: 5’-GGAATTCAAGCTTCTACAA-3’ and si-
ADAMTS9-AS1#2: 5’-CCACTGAACACATAAACAT-
3’) and negative control (si-NC: 5’-UUCUCCGAAC
GUGUCACGUTT-3’) synthesized by GenePharma Co,
Ltd (Shanghai, China) in accordance with
Lipofectamine™ 3000 (Invitrogen, Carlsbad, CA, USA).
After 48 h transfection, cells were harvested for
subsequent experiments.
Real-time quantitative PCR

Total RNA was extracted from tissue samples or cell
lines using TRIzol reagent (Invitrogen) and reverse
transcribed into complementary DNA (cDNA) with a
Prime Script RT Reagent Kit (Takara, Dalian, China).
Next, real-time quantitative PCR was carried out on ABI
StepOnePlus system (Applied Biosystems, Foster City,
CA, USA) using SYBR® Premix Ex Taq™ II kit
(Takara) with the following primer sequences:
ADAMTS9-AS1 (forward: 5’-TACTGGTTTGGA
CATGAGG-3’ and reverse: 5’-AAAGGGGTGTTG
GCACTC-3’) and GAPDH (forward, 5’‐ GTCTCCT
CTGACTTCAACAGCG‐3’, and reverse, 5’‐ ACCACC
CTGTTGCTGTAGCCAA‐3’). Relative fold changes in
ADAMTS9-A1 expression were calculated with 2-ΔΔCt
method. Each experiment was performed in triplicate
and repeated three times.
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Table 1. The relationship between ADAMTS9-AS1 expression and
clinicopathological characteristics among patients with NSCLC.

Characteristics ADAMTS9-AS1 expression P-values
High (n=43, Low (n=39, (chi-square 

Cases (n=82) median ≤2.834) median >2.834) test)

Age 0.298
<60 year 42 25 27
≥60 year 40 18 12

Gender 0.763
Male 56 30 26
Female 26 13 13

Smoking history 0.669
Yes 57 29 28
No 35 14 11

Tumor size 0.017*
<4 cm 49 31 18
≥4 cm 33 12 21

TNM stage 0.030*
I/II 52 32 20
III/IV 30 11 19

Lymph node metastasis 0.026*
Negative 58 35 23
Positive 24 8 16

Pathological type 0.985
Adenocarcinoma 63 33 30
Squamous carcinoma19 10 9

The bold values indicate the P values which are less than 0.05.



Cell counting Kit-8 (CCK-8) assay

Approximately 3.5×103 transfected A549 or 95D
cells were seeded into each well of 96-well plates and
cultured for 0, 24, 48 and 72 h, respectively. Then, 10 μL
CCK-8 solution (Dojindo, Kumamoto, Japan) was added
to each well. After another 2 h incubation at 37°C, the
optical density (OD) value in each well was measured at
450 nm using a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Each
experiment was performed in triplicate and repeated
three times.
Colony formation assay

Transfected A549 or 95D cells at a density of 500
cells per well were plated in six-well plates and cultured
for two weeks to form colonies. The colonies were fixed
with 4% paraformaldehyde for 10 min and incubated
with 0.1% crystal violet (Sigma-Aldrich). Afterwards,
the number of colonies was counted in randomly
selected three fields under a light microscope. Each
experiment was performed in triplicate and repeated
three times.
Flow cytometry analysis

After transfection, A549 or 95D cells were seeded
into six-cm dishes at a density of 1.5×105 cells per dish
and collected until 80% confluence. After fixing with
70% ethanol for 30 min at 4°C, cells were incubated
with a propidium iodide (PI, 100 μg/ml) solution
containing 10 μg/ml of DNase-free RNase A
(Sigma‐Aldrich, MO China) for 30 min at room
temperature, which were subjected to flow cytometry
analysis with a flow cytometer (BD Biosciences, San
Jose USA). Apoptosis analysis was performed by
Annexin V-FITC/PI Apoptosis Detection Kit (KeyGEN
Biotech, Nanjing, China) according to the
manufacturer’s instructions. Each experiment was
performed in triplicate and repeated three times.
Transwell assay

The 24-well Transwell insert (8 μm pore size,
Corning, NY, USA) pro-coated without and with
Matrigel (BD Biosciences) was used to analyze the cell
migration and invasion, respectively. In brief,
approximately 5×104 transfected A549 or 95D cells in
serum -free medium were placed into the upper chamber
of a transwell insert. The lower chamber was filled with
500 μL of grown medium with 10% FBS as a
chemoattractant. After 24 h of incubation, cells that
migrated or invaded to the lower chamber were fixed
with 4% paraformaldehyde and stained with 0.1%
crystal violet. The stained cells were counted in five
random fields under a light microscope (Olympus,
Tokyo, Japan) at a 200× magnification. Experiments
were independently repeated three times.

Western blot assay

Total protein was obtained by lysing cells with RIPA
lysis buffer (Solarbio, Beijing, China), which was
quantified by a BCA protein assay kit (Beyotime,
Shanghai, China). An equal amount of protein sample
(30 µg) was electrophoresed on 10% sodium dodecyl
sulfate‐polyacrylamide gel electrophoresis (SDS‐PAGE)
and transferred onto a PVDF membrane (Millipore,
Billerica, MA, USA). After being blocked in 5% skim
milk in Tris-buffered saline with Tween-20 (TBST) for 2
h, the membranes were incubated with primary
antibodies against CDK4, Bad, E-cadherin, N-cadherin,
Vimentin and GAPDH overnight at 4°C. Following
washing with TBST three times, the membranes were
incubated with horseradish peroxidase-conjugated
secondary antibodies for 2 h at room temperature.
Finally, the protein bands were detected by enhanced
chemiluminescence (Thermo Scientific, MA, USA) with
GAPDH as a loading control.
Statistical analysis

The statist ical  analyses were calculated by
GraphPad Prism V.6.0. Data were expressed as mean ±
SD of three independent experiments. The Chi-squared
test was used to evaluate the correlation between
ADAMTS9-AS1 expression and clinicopathological
parameters in patients with NSCLC. Overall survival
(OS) was calculated from the time at diagnosis to the
time of death of any cause and compared by Kaplan-
Meier method with log-rank test. Cox’s regression
model was applied for univariate and multivariate
analysis. Statistical significance was assessed using
the Student’s t-test for independent groups. The values
of p<0.05 were considered to be statist ically
significant.
Results

ADAMTS9-AS1 was upregulated in NSCLC tissues and
associated with the clinicopathological features of
NSCLC patients

Real-time quantitative PCR was first performed to
investigate the expression of ADAMTS9-AS1 in 82
pairs of NSCLC tissues and matched adjacent tissues.
As shown in Fig. 1A, ADAMTS9-AS1 expression level
was significantly upregulated in tumor tissues
compared with adjacent tissues derived from 82 cases
of NSCLC patients. Next, all NSCLC samples were
divided into relatively high (above the median, n=43)
and low (below the median, n=39) ADAMTS9-AS1
expression groups. The results from Chi-square test
indicated that relative higher ADAMTS9-AS1 level
was correlated to tumor size (p=0.017), TNM stage
(p=0.030) and lymph node metastasis (p=0.026), but
was not associated with age, gender, smoking and
pathological type (Table 1).
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Overexpression of ADAMTS9-AS1 level predicted worse
survival prognosis in NSCLC patients

Moreover, we explored the prognostic role of
ADAMTS9-AS1 in NSCLC patients. As depicted in Fig.
1B, the median survival time for low ADAMTS9-AS1
expression group was significantly higher than that for
high ADAMTS9-AS1 expression group, as determined
by Kaplan–Meier analysis and log-rank test. We further
confirmed the prognostic role of ADAMTS9-AS1 in
NSCLC patients by performing the univariate and
multivariate survival analysis based on Cox proportional
hazards regression model. As shown in Table 2,
ADAMTS9-AS1 expression could be regarded as an
independent predictor for overall survival in patients
with NSCLC (p=0.007), as well as TNM stage (p=0.015)

and lymph node metastasis (p=0.031).
Knockdown of ADAMTS9-AS1 impaired NSCLC cell
proliferation, induced cell cycle arrest and apoptosis in
vitro

Since the expression of ADAMTS9-AS1 was
confirmed to be upregulated in NSCLC tissues, we
wanted to explore whether downregulation of
ADAMTS9-AS1 could suppress the progression of
NSCLC. Here, two different siRNAs (si-ADAMTS9-
AS1#1 and si-ADAMTS9-AS1#2) were used to transfect
two NSCLC cell lines (A549 and 95D) to silence
ADAMTS9-AS1 expression. At 48 h post-transfection,
real time quantitative PCR demonstrated that the
expression of ADAMTS9-AS1 was significantly
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Fig. 1. The expression and prognostic role of ADAMTS9-AS1 in human non-small cell lung cancer (NSCLC) patients. A. Relative expression levels of
ADAMTS9-AS1 in NSCLC tissues (n=82) compared with corresponding matched adjacent tissues (n=82). ADAMTS9-AS1 expression was examined
using real time quantitative PCR and was normalized to GAPDH expression. B. Kaplan-Meier overall survival (OS) curves according to high and low
ADAMTS9-AS1 expression levels.

Table 2. Univariate and multivariate analysis of NSCLC patients on overall survival.

Characteristic HR (95% CI) P-value

Univariate analysis
Age (years: <60 vs. ≥60) 1.085 (0.721-1.885) 0.645
Gender (Male vs. Female) 1.456 (0.912-2.132) 0.152
Smoking history (Yes vs. No) 1.412 (0.965-2.213) 0.124
Tumor size (cm: <4 vs. ≥4) 0.543 (0.268-1.225) 0.010*
TNM stage (I/II vs. III/IV) 3.012 (1.668-5.124) 0.008*
Lymph node metastasis (Negative vs. Positive) 1.962 (1.254-2.865) 0.035*
Pathological type (Adenocarcinoma vs. Squamous carcinoma) 1.248 (0.745-2.435) 0.385

Multivariate analysis
Tumor size (cm: <4 vs. ≥4) 0.778 (0.524-1.235) 0.331
TNM stage (I/II vs. III/IV) 2.284 (1.168-4.052) 0.015*
Lymph node metastasis (Negative vs. Positive) 1.372 (0.865-2.312) 0.031*
ADAMTS9-AS1 expression (High vs. Low) 3.698 (2.256-5.623) 0.007*

*p<0.05. Abbreviations: NSCLC, non-small cell lung cancer; LNM, lymph node metastasis; HR, hazard ratio; CI, confidence interval.



downregulated after either si-ADAMTS9-AS1#1 or si-
ADAMTS9-AS1#2 transfection compared with si-NC
transfection in both A549 and 95D cells (Fig. 2A).
Notably, si-ADAMTS9-AS1#1 had stronger suppressive
effects on ADAMTS9-AS1 expression than si-
ADAMTS9-AS1#2, which was thus selected for the
subsequent experiments. CCK-8 assay showed that
knockdown of ADAMTS9-AS1 remarkedly suppressed
cell viability and growth of A549 (Fig. 2B) and 95D
(Fig. 2C) cells. Similarly, the results of the colony
formation assay revealed that knockdown of
ADAMTS9-AS1 greatly attenuated the proliferation
ability of A549 and 95D cells, as reflected by decreased
colonies in si-ADAMTS9-AS1#1 group compared with
si-NC group (Fig. 2D). Next, flow cytometric analysis
was performed to examine the effects of ADAMTS9-
AS1 on the cell cycle progression and apoptosis of
NSCLC cells. As shown in Fig. 3A, the percentage of
cells at G0/G1 phase was significantly increased, along
with reduced cell proportion at G2/M phase in A549 and
95D cells after ADAMTS9-AS1 knockdown, which
implied that ADAMTS9-AS1 knockdown caused cell

cycle G0/G1 phase arrest in NSCLC cells. Furthermore,
si-ADAMTS9-AS1#1 transfection notably promoted cell
early and late apoptosis in both A549 and 95D cells (Fig.
3B).
Knockdown of ADAMTS9-AS1 inhibited the migration
and invasion of NSCLC cells in vitro

Additionally, we evaluated the effects of
ADAMTS9-AS1 on the migration and invasion ability
of NSCLC cells using transwell assay. As shown in Fig.
4A, the number of migratory cells was significantly
decreased in si-ADAMTS9-AS1#1 group compared with
si-NC group in A549 (si-ADAMTS9-AS1#1 vs. si-NC:
33.3±4.2 vs. 86.3±4.5) and 95D (si-ADAMTS9-AS1#1
vs. si-NC: 55.0±4.6 vs. 108.0±4.0) cells. Similarly,
ADAMTS9-AS1 knockdown significantly reduced the
number of invasive cells from 73.7±4.0 to 21.7±3.5 in
A549 cells and from 96.3±4.0 to 33.3±3.2 in 95D cells
(Fig. 4B). These results suggested that knockdown of
ADAMTS9-AS1 had a negative effect on cell migration
and invasion in NSCLC.
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Fig. 2. Effects of ADAMTS9-AS1 knockdown on NSCLC cell proliferation in vitro. A. The relative expression levels of ADAMTS9-AS1 in A549 and 95D
cells transfected with si-NC or si-ADAMTS9-AS1 (si-ADAMTS9-AS1#1 and si-ADAMTS9-AS1#2) were measured using real time quantitative PCR. B,
C. CCK-8 assay was performed to determine the cell viability of the transfected A549 and 95D cells. D. Colony-forming assay was conducted to
determine the proliferation of the transfected A549 and 95D cells. The colonies were counted and captured. Data are expressed as mean ± SD of three
independent experiments. **p<0.01, ***p<0.001, compared with si-NC.
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Fig. 3. Effects of ADAMTS9-AS1 knockdown on NSCLC cell cycle progression and apoptosis in vitro. A. Cell cycle distribution was analyzed by flow
cytometry with PI staining in A549 and 95D cells after transfection with si-ADAMTS9-AS1#1 or si-NC. B. Cell apoptosis was analyzed by flow cytometry
with Annexin V/PI staining in A549 and 95D cells after transfection with si-ADAMTS9-AS1#1 or si-NC. Data are expressed as mean ± SD of three
independent experiments. ***p<0.001, compared with si-NC.



Knockdown of ADAMTS9-AS1 affected the proliferation
and EMT-related protein expression in NSCLC cells

To further explore the molecular mechanisms
underlying ADAMTS9-AS1 knockdown regulating
NSCLC cell proliferation, migration and invasion,
western blot analysis was performed to detect the
protein levels of G1/S transition, apoptosis and EMT
process. As shown in Fig. 5A, obviously
downregulated CDK4, N-cadherin and Vimentin, as
well as upregulated Bad and E-cadherin were found in
the si-ADAMTS9-AS1#1 group compared with the si-

NC group in A549 cells. Consistently, ADAMTS9-AS1
knockdown decreased the protein expression of CDK4,
N-cadherin and Vimentin, while it increased the protein
expression of Bad and E-cadherin in 95D cells (Fig.
5B).
Discussion

Here, we observed that ADAMTS9-AS1 expression
was significantly upregulated in tumor tissues compared
with matched adjacent tissues derived from 82 cases of
NSCLC patients. Further analysis showed that highly
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Fig. 4. Effects of ADAMTS9-AS1 knockdown on NSCLC cell migration and invasion in vitro. Transwell assay was performed to evaluate cell migration
(A) and invasion (B) in A549 and 95D cells after transfection with si-ADAMTS9-AS1#1 or si-NC. Representative images of migratory and invasive cells
are shown in left panel and quantification of migratory and invasive cells are displayed in right panel. Data are expressed as mean ± SD of three
independent experiments. ***p<0.001, compared with si-NC.



expressed ADAMTS9-AS1 was associated with tumor
size, TNM stage and lymph node metastasis, as well as
predicting worse survival prognosis in NSCLC patients.
Moreover, Cox’s regression model analysis indicated
that ADAMTS9-AS1 served as an independent
prognostic marker for overall survival in patients with
NSCLC. These clinical analyses suggested that
ADAMTS9-AS1 might be an oncogene participating in
the initiation and development mechanisms of NSCLC.
In agreement with our data, ADAMTS9-AS1 expression
was higher in hepatocellular carcinoma (HCC) cell lines
compared to normal cells (Zhang et al., 2020). The
overall survival and disease-free survival were
significantly shorter in patients with high ADAMTS9-
AS1 bladder cancer (Xu et al., 2019a,b; Lin et al., 2020).
On the contrary, ADAMTS9-AS1 expression was
notably decreased and functioned as a novel prognostic
biomarker associated with overall survival in breast
cancer (Fan et al., 2018) and colon adenocarcinoma
(Xing et al., 2018). ADAMTS9-AS1 was downregulated
in breast cancer tissues as well as cell lines (Fang et al.,
2020). Li et al. (2020) identified that ADAMTS9-AS1
was significantly decreased in colorectal cancer tissues
and correlated with clinical outcome of patients
according to The Cancer Genome Atlas (TCGA)
database. These controversies the clinical significance of
ADAMTS9-AS1 made us conclude that different tumor
types and sample size might be the major reasons

explaining the opposite prognostic value of ADAMTS9-
AS1.

Subsequently, the functional role of ADAMTS9-
AS1 in NSCLC cells was examined in vitro. Our data
showed that depletion of ADAMTS9-AS1 significantly
suppressed cell proliferation, migration, and induced cell
cycle G0/G1 phase arrest and apoptosis in both A549
and 95D cells. A similar oncogenic role of ADAMTS9-
AS1 has been reported in several tumors. For instance,
Zhang et al. (2020) revealed that ADAMTS9-AS1
contributed to proliferation, migration, and invasion in
HCC cells. Depletion of ADAMTS9-AS1 significantly
suppressed cell proliferation, G1/S transition, migration
and invasion in colorectal cancer cells (Chen et al.,
2020). Opposite to our data, Wan et al. (2019) found that
ADAMTS9-AS1 significantly influences tumor cell
growth and proliferation, suggesting that it plays a tumor
suppressive role in prostate cancer. Upregulation of
ADAMTS9-AS1 suppressed the growth and
invasiveness of breast carcinoma cells in vitro as well as
inhibiting cell growth in vivo (Fang et al., 2020).
ADAMTS9-AS1 suppressed cell proliferation and
migration both in vitro and in vivo in colorectal cancer
(Li et al., 2020). The oncogenic or tumor suppressive
role of ADAMTS9-AS1 mainly depends on different
tumor types. To further confirm the accelerative effects
of ADAMTS9-AS1 on NSCLC cell proliferation and
metastasis in vitro, we examined the related protein

1070
The role of ADAMTS9-AS1 in NSCLC

Fig. 5. Knockdown of ADAMTS9-AS1
affected the proliferation and EMT-
related protein expression in NSCLC
cells. Western blot analysis was
performed to detect the protein
expression of CDK4, Bad, E-cadherin,
N-cadherin and Vimentin in A549 (A)
and 95D (B) cells after transfection
with si-ADAMTS9-AS1#1 or si-NC.



markers. As expected, knockdown of ADAMTS9-AS1
downregulated the expression of CDK4, N-cadherin,
Vimentin and upregulated the expression of Bad and E-
cadherin in both A549 and 95D cells. To our best
knowledge, abnormal tumor cell proliferation is closely
associated with regulation of the cell cycle which
depends on the precise coordination of cyclin-dependent
kinases (CDKs) and cyclins (Malumbres, 2011), of
which CDK4 is one of the key regulators in G1/S cell
cycle transition (Ding et al., 2020). In addition to cell
cycle progression, apoptosis, a process of programmed
cell death, plays an important role in regulating cell
proliferation, of which BCL-2 family proteins are
essential in modulating apoptosis status, including Bad
as a pro-apoptotic BH3-only protein (Denault and
Boatright, 2004; Kale et al., 2018). Here, we speculated
that ADAMTS9-AS1 knockdown induced impaired
growth and proliferation of NSCLC cells might be
ascribed to its regulation on decreased CDK4 and
increased Bad expression. In addition, tumor metastasis
is another primary characteristic of cancer, including the
classical epithelial mesenchymal transition (EMT)
theory in recent years (Ombrato and Malanchi, 2014).
The EMT process is characterized by increased
migration ability and invasiveness, which was correlated
with downregulation of epithelial marker E-cadherin and
upregulation of mesenchymal markers, such as N-
cadherin and vimentin (Miettinen et al., 1994; Kalluri
and Weinberg, 2009). In line with the decreased
migration and invasion ability, knockdown of
ADAMTS9-AS1 promoted E-cadherin, while
suppressing the expression of N-cadherin and Vimentin
in NSCLC cells. Notably, the observation in the study of
Chen et al. is very similar to our data which indicated
that depletion of ADAMTS9-AS1 significantly
suppressed cell proliferation, G1/S transition, migration
and invasion, and also suppressed CDK4/Cyclin D1 and
epithelial-mesenchymal transition (EMT) in colorectal
cancer (Chen et al., 2020).

In fact, the crosstalk between lncRNAs and miRNAs
is common in cancer biology (Yu et al., 2017). To our
best knowledge, ADAMTS9-AS1 related miRNA
sponge regulatory network has been identified and
analyzed in bladder urothelial carcinoma (Wang et al.,
2019) and breast cancer (Tuersong et al., 2019).
Functionally, lncRNA ADAMTS9-AS1 inhibited the
aggressive phenotypes of breast carcinoma cells via
sponging miR-513a-5p and regulating ZFP36 (Fang et
al., 2020). Here, lacking of the study on the association
between ADAMTS9-AS1 and mRNAs via certain
miRNA was one of the limitations in our study.

In summary, we found that high ADAMTS9-AS1
expression predicted worse overall survival for NSCLC
patients. Knockdown of ADAMTS9-AS1 was able to
suppress the development of progression of NSCLC via
suppressing cell proliferation, migration, invasion and
EMT. The findings of the present study indicate that
ADAMTS9-AS1 may serve as a potential therapeutic
target for the treatment of patients with NSCLC.
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